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Abstract

The effect of Alhagi graecorum Boiss on intestinal function and morphological changes in response to
aspirin-induced intestinal damage was investigated in this study on male rabbits. The experiment
employed twenty healthy adult male rabbits. The animals were separated into four groups. at random (5
rabbits per group) and treated for 42 days as the following: a control group (C): Rabbits were allowed
free access to drinking water, T1 group: Animals received (10 mg /kg b.w) of aspirin orally , T2
group: were administered 400 mg/ kg b.w ethanolic extract of Alhagi graecorum and 10 mg/kg of
aspirin orally , T3 group: animals were given 400 mg/ kg b.w alcoholic extract of Alhagi graecorum
orally. After 42 days of the experiment, D-xylose absorption test was performed for all animals. Blood
samples and intestinal segments were collected at the end of the experiment. The results shown that
oral intubation of Aspirin for 42 days caused intestinal dysfunction manifested by a substantial
decrease (P<0.05) in D-xylose in the T1group, whereas the animals given Alhagi graecorum showed a
considerable elevation (P<0.05) in the levels of D-xylose. The histomorphological examination
revealed significant reduction(P<0.05) in goblet cells size and density, villi high, villi thickness,
enterocyte and crypt depth in T1 group compared to other groups while all these parameters
considerably increased (P<0.05) in animals received Alhagi graecorum. Furthermore animals received
aspirin had significant (P<0.05) reduction in food intake and body weight whereas animal received
alhagi graecorum exhibited substantial (P<0.05) increase in both food intake and body weight. It can
be concluded that intestinal deleterious changes induced by aspirin can be prevented by Alhagi
graecorum extract.
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reduced aspirin side effects on gastric mucosal
damage. (Zhu et al., 2021) Therefore, it is
critical to find other medications that reduce
gastrointestinal injury caused by aspirin
mucosal damage. As a result, the current
experiment was designed to find a strategy to
reduce aspirin-induced gastrointestinal injury.

2. Materials and method

Preparation of plant extracts
Alhagi graecorum plant was collected in
March 2022 from the river area southern
Baghdad city, Irag. The plant samples were
cleaned, shade-dried, crushed and for each 50
gm mixed with ethanol 98% kept in shaker at
(35¢°) for (72 hr.) and then thoroughly filtered
via different size filters, then placed in
incubator for about 3 days The filtrate was
concentrated (approximately 10 g / 100 g
crushed plant) and used to make a diluent by
normal saline.

Experimental design

Twenty healthy adult male rabbits, weighted
(1500- 1750 g) were divided into four equal
groups at random.: control group (C): The
rabbits in this group were given unlimited
access to drinking water., T1 group: Animals
received (10 mg /kg b.w) of aspirin orally , T2
group: were administered 400 mg/ kg b.w
alcoholic extract of Alhagi graecorum and 10
mg/kg of aspirin orally , T3 group: Orally
administered 400 mg/kg b.w. alcoholic extract
of Alhagi graecorum, for 42 days. At the end
of experiment rabbits were anesthetized,
sacrificed via drag the blood from the heart,
after that small intestine was excised, opened
longitudinally, washed with normal saline and
conserved in 10% neutral buffered formalin for
10 days, then prepared for paraffin embedding
technique and partitioned at 6 um with rotary
microtome, after that stained with hematoxylin
and eosin stain.

Intestinal histomorphological measurements
(villi Height, Thickness of villi, crypt depth,
goblet cell density and size)

The histomorphological measurements were
measured per each segment of intestine,10
fields/ animal of 3 animals/group,30 fields for
each group at 40X to measure; Villus Height
(um), Villus thickness (um), crypt depth (um),
HV/CD, Goblet size (um?) and Goblet density
(cell/100 pm). The tissue sections were
examined by light microscopy and
microphotography has been done by using
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1. Introduction

Medical plants have been used to relieve pain
and treat diseases in all parts of the world since
ancient times in folk medicine. Medicinal
plants also  have  stimulating effects on
digestive system of animals (Sulaiman and
Tayeb, 2021). One of these plants is Alhagi
graecorum, which has been widely used for a
variety of medicinal purposes. Alhagi
graecorum a species of genus Alhagi
(Fabaceae) in Iraq, locally called Aqual. It is
rich in phenolic compounds, flavonoid,
anthraquinone, glycosides, steroids, saponins,
alkaloids and tannins (Mohammed and Abd-
alkadhemand, 2022). It is a perennial plant
with a wide geographic range. Its effects have
been studied in both animal and human
studies, and some of them include antioxidant,
antipyretic, anti-inflammatory, diuretic,
diaphoretic, expectorant, analgesic and
anticancer properties. (Srivastava et al.,2014;
Al-Snafi, 2015). Flavonoids are secondary
metabolites that have anti-allergic, anti-
inflammatory, antibacterial, antiviral, and
antifungal properties. (Loizzo et al.,2014;
Hamad and Alwash, 2021 ). Aspirin is one of
the oldest medications still widely used today,
with a long history of antipyretic, analgesic,
and anti-inflammatory properties. (Zhang et
al., 2020; Waheb and Mohammed.2022).
Aspirin is among the most widely used
medications in the world. due to its antiplatelet
activity in the prevention and treatment of
thrombosis (Alegbeleye, 2020) . Regardless of
its therapeutic uses, aspirin has been related to
gastrointestinal (GI) toxicity, which ranges
from acute mucosal damage to Gl problems
and death. (Huang et al.,2010; Lavie et
al.,2017). The most common adverse effect of
aspirin is gastrointestinal upset, which can vary
from gastrointestinal bleeding to gastritis.
(Weltermann and Macke, 2021) in addition to
gastric ulcer (Al-Shaha& Mohammed, 2017).
Even when aspirin coated still from 10 to 25%
of aspirin users may develop peptic ulcer
(Guthrie, 2011) attributed to gastrointestinal
bleeding (Chen et al, 2017). Aspirin
mechanism in damaging gastrointestinal
mucosa mediated by damaging mucus layer of
the intestinal mucosa (Zhu et al., 2018). It was
discovered that proton pump inhibitors (PPI),
which are used to prevent gastric mucosa,
cause damage to the phospholipid layer of the
intestinal mucosa. (Wallace, 2012). By
reducing platelets aspirin activating process,
Xuesaitong and aspirin combination effectively
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Food intake (gm)

Was recorded daily during the whole
experimental period for each cage (7 animals)/
day, by abstraction of remaining food from
given amount (Vento et al., 2008) for day zero.
For the 20" and 42™ the food intake average
estimated for 20 days, and 22days respectively.

Statistical analysis

Data is presented as the Meanz SE. Within the
SPSS program, data was analyzed using two-
way analysis. LSD was used to test the means
at a probability level of (p<0.05).

3. Results

Results of the effect of oral intubation of
aspirin and Alhagi graecorum on food intake
during different experiment period are
exhibited in table 1. At zero time of the
experiment the food intake showed no
substantial (P >0.05) differences among T1, T2
and T3 groups (688.00+19.84), (686.00+20.63)
, (689.00+£23.89) in compared to control group
(690.00+29.15). After 20 and 42 days of
experiment T3 exhibited significant (P<0.05)
raise in food intake (750.00+15.81),
(915.00+15.00) in associated to other groups
whereas T1 group displayed statistical
(P<0.05) reduction (610.00+33.16) compared
to other groups within the same period of
experiment and continues to the end of
experiment period (360.00+£18.70).

Future Win Joe microscopic camera, the
images have been analyzed and scored by
using Fiji image analyzer system. Villus
Height (VH) measured as the distance between
the tip of the villus to the crypt-villus junction
and crypt depth (CD) was measured from
villus base to the crypt- villus transition region,
villi thickness is the mean of 3 readings; the
top, middle and base of villi as reported by.
For goblet cell size the longitudinal x transfers
axis.

Absorption test (D-xylose test)

The technique of D-xylose absorption test:
The test is carried out on three rabbits from
each experimental group. Before testing,
rabbits are fasted overnight. D-Xylose solution
(0.5 o/ kg/ b.w ) (Guijarro et al., 2007) is
administrated via stomach tube. Blood sample
are taken at 1%, 39 and 5™ hour after
administration. The spectrophotometric
method described by (Eberts, 1079) was used
to measure the amount of D-xylose in each
serum sample. In short, 200 uL of serum was
added to the 1000 pL of chromogen
phloroglucinol, chloridric acid and acetic acid,
after mixing boil in a water bath at 100 C* for
8 min. Then, in an ice bath, cool to room
temperature. A spectrophotometer was used to
measure optical density at 554 nm.

Growth performances

Body weight (gm)

It recorded at zero time, 20 and after 42 days
of the experiment for each animal, using
electron balance.

Table 1. Effect of oral administration of Aspirin and A. graecorum alcoholic extract on food intake for
each animal (g/cage/day) at zero, 20 and 42 days of experiment.

Section A-Research paper

Time Zero time 20 days 42 days
Groups

C 690.00+29.15 698.00+23.53 725.00+15.81
Aa Aab Ab

T1 688.00+19.84 610.00+33.16 360.00+18.70
Aa Ac Bc

T2 686.00+20.63 640.00+29.15 695.00+16.58
Aa Abc Ab

T3 689.00+23.89 750.00+15.81 915.00+15.00
Ba Ba Aa

LSD 64.08

Means with different small letters (columns) and capital letters (row) are significantly different
(P<0.05). C: control group, T1: 10 mg /kg b.w of aspirin , T2: 400 mg/ kg b.w alcoholic extract of
Alhagi graecorum and 10 mg/kg of aspirin,T3: 400 mg/ kg b.w alcoholic extract of Alhagi graecorum.
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Results of body weight at different period of experiment represented in Table 2. Within same groups,
the control, T1, T2 and T3 groups revealed no statistical changes (P >0.05) at zero time and after 20
days whereas after 42 days of the experiment time T1 exhibited significant reduction (P<0.05) in body
weight (1020.00+51.47) in compared to control, T2 and T3 groups (1560.00+18.70), (1520.00+37.41) ,
(1730.00£20.00), while at the same period T3 presented statistical rise (P<0.05) in body weight
(1730.00£20.00) in related to other experimental groups. On the other hand the result indicated that T1
group revealed significant drop (P<0.05) in body weight (1020.00+£51.47) after 42 days of experiment
time in compared to zero time and after 20 days (1540.00+24.49) , (1500.00+£31.62). While during the
same period T3 group showed statistical elevation (P<0.05) in body weight (1730.00+20.00) compared
to zero and 20 days of the same group (1520.00+£33.91), (1590.00+33.16).

Table 2. Effect of oral administration of Aspirin and A. graecorum alcoholic extract on the Body
weight at zero, 20 and 24 days.

Time Zero time 20 days 42 days
Groups

C 1550.00+59.16 1570.00+48.89 1560.00+18.70
Aa Aa Ab

Tl 1540.00+24.49 1500.00+31.62 1020.00+51.47
Aa Aa Bc

T2 1530.00+60.41 1510.00+62.04 1520.00+37.41
Aa Aa Ab

T3 1520.00+33.91 1590.00+33.16 1730.00+20.00
Ba Ba Aa

LSD 121.89

Means with different small letters (columns) and capital letters (row) are significantly different
(P<0.05). C: control group, T1: 10 mg /kg b.w of aspirin , T2: 400 mg/ kg b.w alcoholic extract of
Alhagi graecorum and 10 mg/kg of aspirin,T3: 400 mg/ kg b.w alcoholic extract of Alhagi graecorum.

Figure 1. represents the results of the serum D-xylose concentration during five hours interval of
administration. During the 1% hour of D-xylose administration the serum concentration increased
significantly (P<0.05) in control, T2 and T3 groups (0.45+0.04), (0.44+0.07), (0.53+0.03) in compared
to T1 group which showed significant reduction (P<0.05) in the serum D-xylose concentration
(0.27+0.02). The serum concentration of D-xylose continuously increased significantly (P<0.05) at 3'
hour in control, T2 and T3 respectively (0.49+0.003), (0.46+0.06) , (0.58+0.05) compared to T1 group
which showed significant drop (P<0.05) in serum concentration (0.29+0.05). Whereas at 5™ hour the
serum concentration decreased significantly (P<0.05) in all groups of the experiment (control, T1, T2
and T3) (0.37+0.12), (0.26+0.04) (0.37+0.02) ,(0.36+0.03).
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Figure 1. Effect of oral administration of Aspirin and A. graecorum alcoholic extract on the D-xylose
test during 1%, 3 and 5™ hrs. (mg/ml), n=3, LSD=0.16
The histomorphological changes of duodenum, Jejunum and ileum are illustrated in Table 9, 10 and
11. Which showed significant reduction (P<0.05) in villi high, thickness of villi, crypt depth, Goblet
size and Goblet density in aspirin group compared to control, T2 and T3 groups, while in contrast all
these histomorphological parameters significantly(P<0.05) increased in T3 group in compared to other
groups in all intestinal segments.

Table 3. Effect of oral administration of Aspirin and A. graecorum alcoholic extract on the
histomorphological examination of duodenum.

rameters Villi height Thickness Crypt depth VH:CD Goblet size
(1m) of villi (um) (um?)
Groups (um)
Control 244.08+4.75 | 43.87+3.67 68.19+2.67 3.59+0.13 9.96+5.60
b c b ab b
Tl 172.50+4.98 | 34.80+0.84 54.28+2.19 3.18+0.09 13.79+8.74
c d c b a
T2 249.84+11.51 | 81.30+1.91 62.73+4.61 4.09+0.42 11.64+11.60
b A b a ab
c
T3 299.28+4.75 | 70.02+4.01 81.14+5.14 3.75+0.25 10.72+19.03
a b a ab ab
LSD 21.33 8.74 11.58 0.78 3.68

Means with different small letters (columns) are significantly different (P<0.05). C: control group, T1:
10 mg /kg b.w of aspirin , T2: 400 mg/ kg b.w alcoholic extract of Alhagi graecorum and 10 mg/kg of
aspirin,T3: 400 mg/ kg b.w alcoholic extract of Alhagi graecorum
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Figure 4-6. Effect of oral administration of Aspirin and Alhagi. graecorum alcoholic extract on goblet
cells density( Cell/100 um) of duodenum. LSD= 3

gut barrier function via following mechanisms:
upregulation of glucagon-like peptide (GLP)-2
which might improve the function of the
intestinal barrier (Oteiza et al., 2018; Del Bo et
al., 2019) and maintenance of the intestinal
tight junction barrier and structure (Hu et al.,
2019 ). Additionally improving gut microbiota
and their metabolites, which are associated
with their anti-oxidative and anti-inflammatory
functions (Navarre and Hellmann, 2022).

Inflammatory reactions of the intestinal
mucosa mediated by cyclooxygenases (COX),
both Cox-1 & COX-2, whose activation is
involved in ischemia tissue injury of many
organs, including the intestine (Khan et al.,
2022). Inducible COX-2 activity has been
associated with a number of inflammatory
diseases such as inflammatory bowel. Aspirin
is less effective in inhibiting COX-2 activity,
additionally it Acetylation of Ser530 in COX-2
not only results in the formation of 15R-
HETE, but it also enables for the oxygenation
and cyclization of arachidonic acid into 15R-
PG endoperoxide. 15R-PGs are novel products
of aspirin treatment through acetylation of
COX-2 and may related to its pharmacologic
properties  particularly antiplatelet effect
(Fakree and Ali 2009.; Giménez-Bastida et al.,
2019). The intestinal epithelium's primary
functions are to regulate solute and fluid
exchange in addition to absorb nutrients.
(Odenwald and Turner, 2013). D-xylose
absorption is a clinical laboratory test used to
assess intestinal absorption. (Craig and tkinson
,1988). The absorption of the monosaccharide
D-xylose does not require enzymes for
digestion but only an intact mucosa. As a
result, D-xylose absorption has been

Eur. Chem. Bull. 2023, 12 (S2), 1769 — 1778

4. Discussion

The denoted reduction in both food intake and
body weight in aspirin insulted intestine after
42 days of the experiment. These finding are in
agreement with the results obtained by (Al —
Timimi,2020), this  demonstrated the
deleterious effects of aspirin on the intestinal
barrier. Aspirin found to reduce food intake in
different ways one of them by alter intestinal
barrier  consequently  reduced  nutrient
absorption.  Furthermore, the symbiotic
alteration causes an increase in pathogenic
lipopolysaccharide transmission to circulation,
which stimulates the secretion of Glucagon
like peptide-1 (GLP-1) from EECs (Lebrun et
al., 2017) which reduces food intake by
affecting brain areas regulating appetite, (van
Bloemendaal et al., 2014; Regnier et al., 2021
). On the other hand PGs have been shown to
be important in skeletal muscle myogenesis
(Korotkova and Lundberg, 2014). Also, PGF2a
stimulates muscle protein synthesis
(Markworth and Cameron-Smith, 2011), loss
of PG synthesis expected in the present
experiment as a response to aspirin could be
one of the mechanisms of reducing food intake
and body weight. Whereas food intake and
body weight decreased by aspirin, they were
increase in the animals received alhagi
graecorum. The use of medical plants as
feed additives, which comprise a wide
variety of herbs, has recently  gained
increasing  interest  potential alternative
natural growth promoters (Beski et al., 2021).
the polyphenols and other antioxidants content
of alhagi graecorum can exert beneficial
effects on gut epithelium through improving
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hypoplasia. All of these changes indicate to the
mucosal damage. Similar changes were found
in rats had acetylsalicylic acid, the active
gradient of the aspirin (Taslidere et al.,
2018).In addition the histomorphological
results showed that aspirin caused decrease in
the Goblet cells size and density as well as
reduction in villi high, villi thickness, and
crypt depth. Because PGs play an important
role in gastrointestinal epithelial preservation
by increasing mucosal blood flow, a decrease
in PG synthesis can result in intestinal mucosal
damage. (Garcia Rodriguez et al., 2016).
MUC2 is a main constituent of the gel-like
secreted mucus layer that coats the epithelium
of small intestine and is expressed by goblet
cells (Ambort et al., 2012, Bergstrom and Xia,
2013). This mucus layer affiliated with
mucosal permeability and is critical to the
function of the intestinal barrier. As a result of
goblet cell dysfunction, mucosal permeability
may increase, which can result in bacterial
invasion or immune system dysfunction
associated with a numerous intestinal diseases.
Whereas the Alhagi graecorum administered
groups showed an increase in villi height,
which was associated with an increase in
thickness of intestinal mucosa , this result
suggests that, the effect of the Alhagi
graecorum was very important to increase the
secretory activities of epithelial cells and
epithelial crypts, in addition to increase the
population of these crypts, also there were
increase of cellular population associated with
hyper-cellularity and  vascularization of
connective tissue within lamina propria of villi
which were clearly obvious those lead to
increase both the thickness and height of villi
consequently, this effect may be due to the
potencial antioxidant constituent of alhagi
graecorum particularly flavonoids and tannins
(Al-Okaily et al., 2012 ;Dakheel et al., 2021).

5. Conclusion

In conclusion, our research discovered that
taking Alhagi graecorum orally reduces
aspirin-induced intestinal damage.
antioxidative and anti-inflammatory properties
of Alhagi graecorum may related to its
protective  effect.  Accordingly, Alhagi
graecorum may be a promising therapy for
preventing aspirin-induced intestinal damage.
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recognized as an important functional indicator
of small intestinal malabsorption. Aspirin
damaged the small intestine mucosa, which
reduced D-xylose absorption. The majority of
NSAIDs, including aspirin, inhibit COX which
catalyzes prostaglandin (PG) synthesis from
arachidonic acid (Vane, 1971). Various
mucosal functions such as increasing mucus
secretion and mucosal tight junction (TJ)
barrier in addition to Small intestinal blood
flow are regulated by PG. The suppression of
PG formation caused by NSAIDs leads to
severe mucosal injury. TJs act as an
intercellular gate or seal since they are placed
on the most apical side of intercellular
junctions. (Anderson and Van Itallie, 2009;Al-
Sadi et al,2011,). The COX-independent
pathway, on the other hand, was suggested a
three hypothesis: NSAIDs initially cause direct
mitochondrial damage in the small intestinal
epithelial cells. Then mitochondrial damage
causes depletion of intracellular energy and
free radicals production, which disrupts the
intercellular junctions of the small intestinal
epithelium. Finally, damaged mucosal TJ
barriers allow intestinal bacteria, or toxins and
bile acid to easily penetrate, causing mucosal
damage. (Bjarnason et al., 2018). On the other
hand the absorbance rate of  D-xylose
increased in animal received alcoholic extract
of Alhagi graecorum at 1% hour and continue
to increase at 3™ hour, possibly due to its
content of tannins that may cause increased in
villus perimeter, villus height and mucosal
thickness. The intestinal villi's size is crucial
for nutritional digestion and absorption
capacity. (Zhang et al., 2013; Chen et al.,
2021) as longer villi have a larger surface area
for absorption (Han et al., 2014). Furthermore,
flavonoid found in the plant which has
antioxidant effect (Mashi, 2016) is believed to
be essential in the protection of the intestinal
epithelial barrier (Vezza et al., 2016). While at
5" hour the rate of D-xylose absorption
decreased in all experimental groups because
60% of this sugar is excreted via kidney. The
histomorphological changes of duodenum
illustrated in Table 3. Which showed
significant reduction (P<0.05) in villi high,
crypt depth, thickness of villi, enterocyte,
Goblet size and Goblet density in in aspirin
group compared to control, T2 and T3 groups,
while in contrast all these histomorphological
parameters significantly(P<0.05) increased in
T3 group in compared to other groups.

Results of histomorphological
measurements of intestinal mucosa clearly
represent that aspirin cause shortening of villi
high, losing villus apical structure, crypt

1775

Section A-Research paper



Protective Role of Alhagi Graecorum Boiss on Intestinal

Function against Aspirin in Adult Male Rabbits

Anderson, J. M., & Van ltallie, C. M. 2009.
Physiology and function of the tight
junction. Cold Spring Harbor
perspectives in biology, 1(2), a002584.

Beski, S. S. M., M’Sadeq, S. A., Hussein, S.
M., & Mahmod, A. L. 2021.
Performance and physiological response
of broiler chickens to
dietarycombination of yeast and medical
plants. Iraqi  journal of agricultural
sciences, 52(5), pp.1117-1125.

Bjarnason, I., Scarpignato, C., Holmgren, E.,
Olszewski, M., Rainsford, K. D., &
Lanas, A. 2018. Mechanisms of damage
to the gastrointestinal tract from
nonsteroidal anti-inflammatory
drugs. Gastroenterology, 154(3),
pp.500-514.

Chen, J., Li, F,, Yang, W., Jiang, S., & Li, Y.
2021. Supplementation with exogenous
catalase from Penicillium notatum in the
diet ameliorates lipopolysaccharide-
induced intestinal oxidative damage
through affecting intestinal antioxidant
capacity and microbiota in weaned
pigs. Microbiology Spectrum, 9(3),
€00654-21.

Chen, W. C,, Lin, K. H., Huang, Y. T., Tsai, T.
J., Sun, W. C,, Chuah, S. K., ... & Hsu,
P. 1. 2017. The risk of lower
gastrointestinal bleeding in low-dose
aspirin users. Alimentary Pharmacology
& Therapeutics, 45(12), pp.1542-1550.

Craig, R. M., & Atkinson Jr, A. J. 1988. D-

xylose testing: a
review. Gastroenterology, 95(1),
pp.223-231.

Dakheel, M. M., Al-Mnaser, A. A., Quijada, J.,
Woodward, M. J.,, & Rymer, C. 2021.
Use of tannin-containing plants as
antimicrobials influencing the animal
health. J. Vet. Med, 45(2), pp.33-40.

Del Bo’, C., Bernardi, S., Marino, M., Porrini,
M., Tucci, M., Guglielmetti, S., ... &
Riso, P.(2019. Systematic review on
polyphenol intake and health outcomes:
is there sufficient evidence to define a
health-promoting polyphenol-rich
dietary pattern?. Nutrients, 11(6), 1355.

Eberts, T. J., Sample, R. H., Glick, M. R., &
Ellis, G. H. 1979. A simplified,
colorimetric micromethod for xylose in
serum or urine, with
phloroglucinol. Clinical
chemistry, 25(8), pp.1440-1443.

Fakree, N. K., & Ali, S. H. 2009. Effect of
COX-2 Inhibitors Selectivity on Lipid
Profile  in  Hyperlipidemic  and

Eur. Chem. Bull. 2023, 12 (S2), 1769 — 1778

assessing and describing the
histomorphological portion of this study.

6. References

Alegbeleye, B. J., Akpoveso, O. O. P,
Mohammed, R. K., & Asare, B. Y. A.
2020. Pharmacology, pharmaceutics and
clinical use of aspirin: a narrative
review. Journal of Drug Delivery and
Therapeutics, 10(5-s), pp.236-253.

Aliakbarpour, H. R., Chamani, M., Rahimi, G.,
Sadeghi, A. A., & Qujeq, D. 2012. The
Bacillus subtilis and lactic acid bacteria
probiotics influences intestinal mucin
gene expression, histomorphology and
growth performance in broilers. Asian-
Australasian  Journal of  Animal
Sciences, 25(9), 1285.

Al-Okaily, B. N., Mohammed, R. S., Al-
Mzain, K. A., & Khudair, K. K. 2012.
Effect of flavonoids extracted from
Black Cumin (Nigella sativa) and
vitamin E in ameliorating hepatic
damage induced by sodium nitrate in
adult male rats. In Proceeding of the
Eleventh Veterinary Scientific
Conference (Vol. 181).

Al-Sadi, R., Khatib, K., Guo, S., Ye, D,
Youssef, M., & Ma, T. 2011. Occludin
regulates macromolecule flux across the
intestinal  epithelial  tight junction
barrier. American Journal of
Physiology-Gastrointestinal and Liver
Physiology, 300(6), pp.G1054-G1064.

Al-Shaha, O. M., & Mohammed, S. A. 2017.
Gastro protective effect of oil extract of
Nigella sativa Seeds against Aspirin-
Induced Gastric Ulcer in Albino
Rats. Journal of Entomology and
Zoology Studies, 5(4), pp.725-732.

Al-Snafi AE. 2015. Alhagi maurorum as a
potential medicinal herb: An
Overview. International  Journal  of
Pharmacy Review and Research, 5(2),
pp.130-136.

Al-Timimi, Z. K. 2020. Histological effect of
aspirin on the stomach of male albino
swiss mice (mus musculus). Iraqi
Journal of Science, pp.1275-1281.

Ambort, D., Johansson, M. E., Gustafsson, J.
K., Nilsson, H. E., Ermund, A,
Johansson, B. R., ... & Hansson, G. C.
2012. Calcium and pH-dependent
packing and release of the gel-forming
MUC2 mucin. Proceedings of the
National Academy of Sciences, 109(15),
pp.5645-5650.

1776

Section A-Research paper



Protective Role of Alhagi Graecorum Boiss on Intestinal

Function against Aspirin in Adult Male Rabbits

implications of cyclooxygenase (COX)

inhibitors in ischemic
injury. Inflammation  Research, 71(3),
pp.277-292.

Korotkova, M., & Lundberg, I. E. 2014. The
skeletal muscle arachidonic acid
cascade in health and inflammatory
disease. Nature Reviews
Rheumatology, 10(5), pp.295-303.

Lavie, C. J., Howden, C. W., Scheiman, J., &
Tursi, J. 2017. Upper gastrointestinal
toxicity associated with long-term
aspirin  therapy: consequences and
prevention. Current Problems in
Cardiology, 42(5), pp.146-164.

Lebrun, L. J., Lenaerts, K., Kiers, D., de
Barros, J. P. P., Le Guern, N., Plesnik,
J, .. & Grober, J  2017.
Enteroendocrine L cells sense LPS after
gut barrier injury to enhance GLP-1
secretion. Cell reports, 21(5), pp.1160-
1168.

Markworth, J. F., & Cameron-Smith, D. 2011.
Prostaglandin F2a stimulates
PIBK/ERK/mTOR signaling and
skeletal myotube
hypertrophy. American ~ Journal  of
Physiology-Cell Physiology, 300(3),
C671-C682.

Mashi, S. K. 2016. Effect of green tea extract
on injured liver induced by
Acetaaminophen in  rabbits adult
male. Iraqi Journal of Agricultural
Sciences, 47(6).

Mohammed, R. K., & Abd-alkadhemand, N.
A. D. 2022. Determination of Active
Phytochemical Compounds of Alhagi
Maurorum using Gas Chromatography-
Mass  Spectroscopy (GC-MS). Iraqi
Journal of Science, pp.87-97.

Navarre, D. A., Zhu, M., & Hellmann, H.
2022. Plant Antioxidants Affect Human
and Gut Health, and Their Biosynthesis
Is Influenced by Environment and
Reactive Oxygen Species. Oxygen, 2(3),
pp.348-370.

Nery, C. D. S., Pinheiro, I. L., Muniz, G. D. S,
Vasconcelos, D. A. A. D., Franga, S. P.
D., & Nascimento, E. D. 2011
Murinometric evaluations and feed
efficiency in rats from reduced litter
during lactation and submitted or not to
swimming exercise. Revista Brasileira
de medicina do esporte, 17, pp.49-55.

Odenwald, M. A., & Turner, J. R. 2013.
Intestinal permeability defects: is it time
to treat?. Clinical gastroenterology and
hepatology, 11(9), pp.1075-1083.

Eur. Chem. Bull. 2023, 12 (S2), 1769 — 1778

Normolipidemic Type 2 Diabetics. Iraqi
J. Pharm. Sci, 18, p.7-13.

Garcia Rodriguez, L. A., Martin-Pérez, M.,
Hennekens, C. H., Rothwell, P. M., &
Lanas, A. 2016. Bleeding risk with
long-term low-dose aspirin: a systematic
review of observational studies. PLoS
one, 11(8), e0160046.

Giménez-Bastida, J. A., Boeglin, W. E,
Boutaud, O., Malkowski, M. G., &
Schneider, C. 2019. Residual
cyclooxygenase activity of aspirin-
acetylated COX-2  forms  15R-
prostaglandins that inhibit platelet
aggregation. The FASEB Journal, 33(1),
1033.

Guijarro, A., Suzuki, S., Chen, C., Kirchner,
H., Middleton, F. A., Nadtochiy, S., ...
& Meguid, M. M. 2007.
Characterization of weight loss and
weight regain mechanisms after Roux-
en-Y gastric bypass in rats. American
Journal of  Physiology-Regulatory,
Integrative and Comparative
Physiology, 293(4), R1474-R1489.

Guthrie, R. 2011. Review and management of
side effects associated with antiplatelet
therapy for prevention of recurrent
cerebrovascular  events. Advances in
therapy, 28, pp.473-482.

Hamad, S. F., Salman, Z. O., & Alwash, B. M.
J. (2021). Assesment of antioxidant and
cytotoxic activity of essential oil
extracted from Lavandula Angustifolia
callus leaves. Iragi journal of
agricultural sciences, 52(6), pp.1549-
1554,

Han, X. Y., Ma, Y. F.,Lv,M. Y.,,Wu, Z.P., &
Qian, L. C.2014. Chitosan-zinc chelate
improves intestinal  structure and
mucosal ~ function and  decreases
apoptosis in ileal mucosal epithelial
cells in weaned pigs. British Journal of
Nutrition, 111(8), pp.1405-1411.

Hu, L., Wu, C., Zhang, Z., Liu, M., Maruthi
Prasad, E., Chen, Y., & Wang, K. 2019.
Pinocembrin protects against dextran
sulfate sodium-induced rats colitis by
ameliorating inflammation, improving
barrier function and modulating gut
microbiota. Frontiers in Physiology, 10,
908.

Huang, E. S., Strate, L. L., Ho, W. W., Lee, S.
S., & Chan, A. T. 2010. A prospective
study of aspirin use and the risk of
gastrointestinal bleeding in men. PLoS
One, 5(12), e15721.

Khan, H., Sharma, K., Kumar, A., Kaur, A., &
Singh, T. G. 2022. Therapeutic

1777

Section A-Research paper



Protective Role of Alhagi Graecorum Boiss on Intestinal

Function against Aspirin in Adult Male Rabbits

Association for Laboratory Animal
Science, 47(6), pp.46-50.

Vezza, T., Rodriguez-Nogales, A., Algieri, F.,
Utrilla, M. P., Rodriguez-Cabezas, M.
E., & Galvez, J. 2016. Flavonoids in
inflammatory ~ bowel  disease: a
review. nutrients, 8(4), 211.

Waheb, A. A, Rasheed, A. S., & Hassan, M. J.
2022. Quantification of ketoprofen in
film-coated tablets using hydrophilic
interaction  liquid  chromatography-
Ultraviolet spectrometry. Egyptian
Journal of Chemistry, 65(9), 1-4.

Wallace, J. L. 2012. NSAID gastropathy and
enteropathy: distinct pathogenesis likely
necessitates distinct prevention
strategies. British journal of
pharmacology, 165(1), 67-74.

Weltermann, T., Schulz, C., & Macke, L.
2021. Effect of frequently prescribed
drugs on gastric cancer risk. Best
Practicer &  Research Clinical
Gastroenterology, 50, 101741.

Zhang, H. Y., Piao, X. S, Li, P, Yi, J. Q.
Zhang, Q., Li, Q. Y., ... & Wang, G. Q.
2013. Effects of single cell protein
replacing fish meal in diet on growth
performance, nutrient digestibility and
intestinal morphology in  weaned
pigs. Asian-Australasian  Journal  of
Animal Sciences, 26(9), pp.1320-1328.

Zhang, X., Chen, J., Cheng, C., Li, P., Cai, F.,
Xu, H., ... & Zhuang, H. 2020. Aspirin
potentiates celecoxib-induced growth
inhibition and apoptosis in human non-
small cell lung cancer by targeting
GRP78 activity. Therapeutic Advances
in Medical Oncology, 12,
1758835920947976.

Zhu, B. C.,, Xue, C. M., Lang, R., Weng, W.
L., Wang, X. J., Lei, Z. Z., ... & Hua, G.
D. 2021. Combination of Xuesaitong
and Aspirin based on the antiplatelet
effect and gastrointestinal injury: Study
protocol for a randomized controlled
noninferiority trial. Evidence-Based
Complementary and Alternative
Medicine, 2021.

Zhu, B., Zhang, W., Lu, Y., Hu, S., Gao, R,
Sun, Z., ... & Li, P. 2018. Network
pharmacology-based identification of
protective  mechanism of  Panax
Notoginseng  Saponins on  aspirin
induced gastrointestinal
injury. Biomedicine &
Pharmacotherapy, 105, 159-166.12.
Bergstrom, K. S., & Xia, L. (2013).
Mucin-type O-glycans and their roles in
intestinal

Eur. Chem. Bull. 2023, 12 (S2), 1769 — 1778

Oteiza, P. I., Fraga, C. G., Mills, D. A, & Taft,
D. H. 2018. Flavonoids and the
gastrointestinal  tract: Local and
systemic effects. Molecular aspects of
medicine, 61, pp.41-49.

Regnier M., M.Van Hul, C. Knauf, and P. D.
Cani,. 2021. Gut microbiome, endocrine
control of gut barrier function and
metabolic diseases. J. Endocrinol. 248:
R67-R82.

Srivastava, B., Sharma, H., Dey, Y. N,
Wanjari, M. M., & Jadhav, A. D. 2014.
Alhagi pseudalhagi: a review of its
phyto-chemistry, pharmacology,
folklore  claims and  Ayurvedic
studies. International journal of herbal
medicine, 2(2), pp.47-51.

Suad, K. A., Al-Shamire, J. S. H., & Dhyaa, A.
A. 2018. Histological and biochemical
evaluation of supplementing broiler diet
with B-hydroxy-methyl butyrate calcium
(B-HMB-Ca). Iranian journal of
veterinary research, 19(1), 27.

Sulaiman, K. M., & Tayeb, I. T. 2021.
RESPONSE OF BROILER CHICKEN
TO INOVO ADMINISTRATION OF
DIFFERENT LEVELS OF
ROSEMARY OIL (ROSMARINUS
OFFICINALIS). The Iragi Journal of
Agricultural Science, 52(4), pp.896-903.

Taslidere, E. L. 1. F., Vardi, N., Parlakpinar, H.
A. K. A. N, Yildiz, A., Taslidere, B., &
Karaaslan, M. G. 2018. Effects of
melatonin  on  acetylsalicylic acid
induced gastroduodenal and jejunal
mucosal injury. Biotechnic &
Histochemistry, 93(7), pp.485-495.

van Bloemendaal, L., 1Jzerman, R. G., Ten
Kulve, J. S., Barkhof, F., Konrad, R. J.,
Drent, M. L., ... & Diamant, M. 2014.
GLP-1 receptor activation modulates
appetite-and reward-related brain areas
in humans. Diabetes, 63(12), pp.4186-
4196.33.

Loizzo MR, K. Rashed, A. Sai, et al. 2014.
Antiproliferative and antioxidant
properties of Alhagi maurorum Boiss
(Leguminosae) aerial parts. Industrial
Crops and Products. (53),pp.289-295.

Vane, J. R. 1971. Inhibition of prostaglandin
synthesis as a mechanism of action for
aspirin-like drugs. Nature new
biology, 231, pp.232-235.

Vento, P. J., Swartz, M. E., Martin, L. B., &
Daniels, D. 2008. Food intake in
laboratory rats provided standard and
fenbendazole-supplemented
diets. Journal  of the  American

1778

Section A-Research paper



Protective Role of Alhagi Graecorum Boiss on Intestinal

: . o9 . ion A-R h
Function against Aspirin in Adult Male Rabbits Section A-Research paper

pp.1026-1037. homeostasis. Glycobiology, 23(9),

Eur. Chem. Bull. 2023, 12 (S2), 1769 — 1778 1779



